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 Abstract. In the present research, the effects of dimethylsulphate and 
diethylsulphate on mitotic and meiotic aberrations, pollen fertility, seed germination and 
seedling survival in Vicia faba L.  have been investigated. Studies undertaken in M2 
generation on the variety equina for two genotypes of this species, showed that both the 
mutagens DES and DMS have been inhibitory effect and elicit various chromosomal 
aberrations in mitosis and meiosis. The results indicate that the treatment effect differed with 
genotypes and dose rate.Such effects were dose and genotype dependent and positively 
correlated with seed germination, pollen fertility and seedling survival. The mitotic and 
meiotic aberrations was higher in DMS than DES and higher in L 401 genotype than Cluj 
84. That suggested DES and DMS could be effective in inducing genetic variability in Vicia 
faba L. var. equina. 
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INTRODUCTION 
 
 The different chemosensitivity of some genotypes was highlighled by 
multiple researcher, after the treatment with the mutagen factors, according to the 
size of the cellular nucleus, the DNA content, respectively to the number of 
chromosomes (Bhat, 2006, 2007; Singh, 2003). The genetic information must be the 
same in all cells of living organism. But in some cases, various mutation may take 
place in the genetic information causing a cell to be different from the others. 
Physical and chemical mutagens are one cause of mutation in living organisms. 
Cytological analysis with respect to either mitotic or meiotic behaviour is 
considered to be one of the most dependable index to estimate the potency of 
mutagen. In order to determine effects of mutagen on mitotic and meiotic division 
and plant growth many studies were done with different plant species (Okamoto, 
1999, Singh, 2003). 
The mitotic index test is a cytogenetic test. It is used to examine of 
genotoxic effects and extensive size for value mutagenic effect of agents in a short 
time in different environments. Investigations of mitotic and meiotic aberrations is 
used to characterize proliferating cells and to identify materials that inhibit or induce 
mitotic and meiotic progression. Vicia faba L is homozygous, because of self 
pollination, therefore, there is need additional variability by mutation breeding. 
 
MATERIAL AND METHOD 
 
 The initial material was represented by two faba bean genotypes: Cluj 84 
and Line 401. Dry dormant seeds of Vicia faba variety equina (2n = 12) were 
exposed to different concentrations (0.1%, 0.3% and 0.5%) of  DES and DMS for 
six hours. The treated seeds were washed in running tap water for half an hour to 
remove the residual effects of mutagen sticking to the seeds coat. 
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 One set of seeds was kept untreated to act as control for comparison. 
Situations who for as it concerns the determining of mitotic aberrations, the 
embryonic roots were harvested at the 1 cm length and fixed in a solution of 
absolute alcohol – acetic acid in 3:1 ratio, then transferred to 70% alcohol and stored 
in a refrigerator at +40 C until they were used. The embryonic roots was stained by 
Feulgen reagent (Badr, 1988). Chromosome spreads were made by using the squash 
technique (Dille, 1983, 1986). 
 The frequency of mitosis was determined by counting  the number of 
dividing cells in total of 500 cells in the untreated  and treated groups. The counting 
at each repetition is made over 100 cells. 
 For meiotic studies young flower buds from 50 randomly selected M1 plants 
were fixed in fresh solution of absolute alcohol – acetic acid in 3:1 ratio. Squashing 
was done in 1% acetocarmine. Pollen fertility was determined by staining pollen 
grains in 1% acetocarmin and stained pollen grains with regular margins were 
considered fertile. 
 
RESULTS AND DISCUSSION 
 
 Mitotic index (MI) and mitotic aberrations are shown in table 1. The highest 
MI frequency was found to be 49.2 in the DMS 0.1% group at Cluj 84 genotype 
while the lowest  frequency was 21.3 at DES 0.5% L 401. 
Table 1 
Effects of different concentrations of DES and DMS on mitotic index (MI),  
stage index and abnormalities (% abn.) of each stage in root tips of Vicia faba L. 
 
Prophase Metaphase Anaphase Telophase Concentration 
(%) 
MI±SE 
index %abn index %abn index %abn index %abn 
Cluj 84  
Control 11.98±0.19 44.8 0.62 17.4  0.42 18.2  0.83 11.6  0.58 
DMS 0.1% 10.98±0.39 49.2 2.73 24.3  7.92 12.4  6.86 12.6 16.65 
DMS 0.3%  8.72±0.28 35.9 4.41 27.9 15.11 17.3  7.20 11.5 18.43 
DMS 0.5%  6.32±0.33 34.8 7.26 37.9 36.21   9.8 26.42  8.6 20.34 
DES 0.1% 11.12±0.39 48.2 2.56 26.2  4.28 18.1  4.32 10.9 15.42 
DES 0.3% 10.23±0.69 39.2 7.02 21.3 16.43 14.5  8.52  9.7 16.70 
DES 0.5%  7.81±0.79 37.8 6.98 23.6 16.97 15.8 22.36  6.9 19.42 
L 401 
Control 11.58±0.46 44.1 0.86 26.6   0.89 17.1  0.92 12.4  0.82 
DMS 0.1%  7.42±0.34 31.9 6.14 33.8  5.71 16.1 17.32 11.2 19.65 
DMS 0.3%   5.12±0.49 29.7 7.26 37.7 25.69 14.9 22.87 17.4 22.64 
DMS 0.5%  2.92±0.51 28.8 8.16 38.9 35.39  9.8 31.26 21.2 27.12 
DES 0.1% 10.16±0.69 43.2 12.16 26.8 11.58 13.1 16.17 17.1 21.07 
DES 0.3%  9.36±0.71 39.5 14.04 27.0 16.27 15.8 22.97 16.2 24.63 
DES 0.5% 8.09±0.46 21.3 14.36 34.8 22.34 12.6 31.64 16.0 28.96 
  
After the germination, it was inferred that, for some plantlets resulted from 
the seeds exposed to maximum dosages of DMS, the top of the root was necrosed. 
When the embryo reached 3-4 mm, it died. It is accepted that in this situation the 
stable RNA existed, which determined caused the protein synthesis, and the cell-
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elongation, hence an increase in volume, within the same number of cells, without 
the first mitotic division having taken place. 
 For the root meristem of vegetables, there occur an accumulation of natrium 
propionate or natrium butyrate, which leads to an inhibition of the DNA synthesis, 
therefore the mitotic index can be modified through mutagen treatments 
(Tramontano, 1996). 
Seed germination, seedling survival, pollen fertility and abnormal PMC 
showed dose dependent reduction in both the mutagens, especially in DMS at L 401 
genotype (Table 2). 
Table 2 
Percentage of seed germination, seedling survival, pollen fertility in DES and DMS 
 treated Vicia faba L. 
 
Concentration 
(%) 
Seed  
Germination (%) 
Seedling  
Survival (%) 
Pollen 
Fertility (%) 
Abnormal 
PMC (%) 
Cluj 84 
Control 96.22 99.20 87.43 - 
DMS 0.1% 83.52 82.08 81.65  4.67 
DMS 0.3% 79.47 62.26 72.53 11.76 
DMS 0.5% 68.31 44.23 64.32 17.79 
DES 0.1% 84.28 96.12 82.31  4.31 
DES 0.3% 81.25 88.02 80.74 11.62 
DES 0.5% 80.39 48.21 72.62 16.93 
L. 401 
Control 94.59 98.23 83.29 - 
DMS 0.1% 82.14 82.12 80.72  5.13 
DMS 0.3% 71.57 76.14 76.45 12.92 
DMS 0.5% 59.38 38.32 61.23 19.64 
DES 0.1% 82.21 88.36 84.36  4.82 
DES 0.3% 80.12 79.28 79.34 12.63 
DES 0.5% 72.24 42.34 74.61 18.38 
 
Meiosis was perfectly in the control plants for both genotypes, showing six 
bivalents at metaphase I which separated into 6:6 in anaphase I. The maximum 
aberrations were found at higher doses of the mutagen. 
 The most frequent aberrations were stickiness, multivalents and univalents, 
laggards, bridges, micronuclei and disturbed polarity. Most of the abnormalities 
were observed in all the treatments, especially at high doses in DMS. 
 All the mutagenic treatments induce similar types of meiotic abnormality 
but the percentage of abnormalities was different in different treatments (Table 3).
Table 3 
Percentage of meiotic abnormalities at different stages of meiosis induced by DMS and DES in Vicia faba L. 
 
Metaphase I/II (%) Anaphase I/II (%) Telophase I/II (%) 
Concentration 
(%) 
Total No. 
of PMCs 
observed 
Total No. 
abnormal 
PMCs Stickiness Secondary 
association 
Multivalents 
and 
univalents 
Laggards Bridges Disturbed 
anaphase Micronuclei Bridges 
Disturbed 
polarity 
 
Cluj 84 
Control 200 - - - - - - - - - - 
DMS 0.1% 214 12 0.92 - - 0.52 1.68 0.26 0.95 0.68 - 
DMS 0.3% 204 69 4.00 5.62 5.39 3.14 6.12 4.72 5.23 4.58 5.23 
DMS 0.5% 208 87 5.65 5.87 6.64 3.74 8.12 5.06 6.14 5.09 5.98 
DES 0.1% 215 9 0.65 0.12 - 0.48 1.45 0.72 0.83 0.51 - 
DES 0.3% 207 54 3.24 4.87 5.12 2.96 5.87 4.21 4.87 3.82 4.93 
DES 0.5% 220 72 5.07 5.41 6.23 3.41 7.53 5.02 5.96 4.92 5.81 
 
L 401 
Control 200 - - - - - - - - - - 
DMS 0.1% 218 12 0.96 1.24 0.92 1.12 2.04 0.62 1.08 1.14 0.89 
DMS 0.3% 209 73 4.52 6.23 5.83 3.92 6.83 5.21 5.61 5.69 6.07 
DMS 0.5% 207 91 6.14 7.08 7.12 4.37 9.14 6.29 6.57 6.27 6.38 
DES 0.1% 215 14 0.83 0.94 0.54 0.89 1.83 1.12 0.98 1.02 - 
DES 0.3% 204 61 3.61 4.92 6.38 2.61 6.34 4.97 5.21 3.96 5.16 
DES 0.5% 214 87 6.24 6.83 7.18 3.87 8.04 6.25 6.13 5.91 6.37 
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CONCLUSIONS 
 
1. The highest MI frequency was found to be 49.2 in the DMS 0.1% group 
at Cluj 84 genotype while the lowest  frequency was 21.3 at DES 0.5% L 401. 
2. Seed germination, seedling survival, pollen fertility and abnormal PMC 
showed dose dependent reduction in both the mutagens, especially in DMS at L 401 
genotype. 
3.The most frequent aberrations were stickiness, multivalents and 
univalents, laggards, bridges, micronuclei and disturbed polarity. 
4. All the mutagenic treatments induce similar types of meiotic abnormality 
but the percentage of abnormalities was different in different treatments. 
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